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A table of zeros of first derivatives of Bessel functions of the first kind, J'(x), is presented for 
21 =^ ;i =^ 51, =^ X =^ 100. A brief discussion of table generation and accuracy is included. 



Zeros of 



1 . Introduction 



y;W = 0,(^ = 0, 1,2, 3, . . .) 



are frequently required for the solution of problems in 
mathematical physics and engineering. Typical prob- 
lems of this kind occur in the theory of heat conduc- 
tion [1],^ hydrodynamics, finite Hankel transforms, 
Fourier-Bessel expansions, etc. 

In conjunction with a heat transfer problem [2], 
the authors conducted a literature search in the spring 
of 1961 to find a table of zeros of J'nix). No adequate 
tables were found at that time, and a table of such zeros 
for 0^/1^51, O^jc^lOO was generated. It was 
subsequently learned that the new Royal Society 
Tables [3], pubUshed in 1960 and available in 1961, 
contained zeros of J nix) for orders ^ /i ^ 20. For 
this reason the present table is given for orders 
21 =^ n ^ 51 and =^ :« =^ 100. A thorough summary 
of existing tables is given on page 411 of volume 
I [4]. 

2. Determination of the Positive Roots of 

As is well known, aU the roots of y^jc) = 0, /i > — 1, 
are real (see [5]). The determination of these roots 

for < % < 100 and /i = 21, 22, 23, , 51 was carried 

out on the IBM 1620 computer. The method employed 
was a modification of Newton's method. If Xk is an 
approximate root of F(x) = 0, an improved value, 
Xk + 1, is found by Newton's method as 



Xk^l=Xk- 



F'{xk)' 
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* Figures in brackets indicate the literature references at the end of this paper. 



The modified form of the method used in the compu- 
tation of table 1 found Xk + i from 



(1) where 



Xk^i — Xk , 

a 



y;Uo+ 0.005) -y;(:co- 0.005) 

0.01 



and Xq is the first approximation of a root of equation 
(1). y^x) as used in this formula was found by a trun- 



cation of the series 



y;w= > (- 

m = 



00 



(2m -f 



1)^ 



/^\2m + n - 1 



2(m!)(m4-n)! 



The series was truncated to produce J'^ {x) accurate at 
least to the order of 10"*^. 

The first approximation, ^o, to a root of Jn{x) was 
obtained from the Harvard tables [6]. The iteration 
discussed above was carried out until the change in the 
approximate value of a root between successive 
iterations had become less than 5 X 10~^, or 10 itera- 
tions had been performed, whichever came first. 

Machine running time was approximately one minute 
per root for small s increasing to approximately eight 
minutes per root for large 5. Advantage was taken of 
the variable word length feature of the IBM 1620 com- 
puter, and 50 significant figures were carried in the 
computer. 

The use of asymptotic (McMahon) series to compute 
the zeros of Jn{x) = was also tried. When using the 
first four terms of the appropriate series, the accuracy 
obtained was not adequate for present purposes. For 
instance, when n = 0, agreement to four decimal places 
requires that 5^3, but when n= 15, agreement to four 
decimal places requires that 5 ^ 18. This method of 
computation was found to be awkward and was sub- 
sequently abandoned. 
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TABLE 1. Zeros j» of J' (x) 



X 


21 


22 


23 


24 


25 


26 


27 


28 


1 


23.25482051 


24.28938554 


25.32292421 


■ ■ 
26.35550968 


27.38720713 


28.41807483 


29.44816521 


30.47752554 


2 


28.81559026 


29.91614781 


31.01399843 


32.10931996 


33.20227214 


34.29299903 


35.38163108 


36.46828685 


3 


33.11916251 


34.26076830 


35.39878197 


36.53342770 


37.66490790 


38.79340601 


39.91908887 


41.04210875 


4 


37.05164392 


38.22489 744 


39.39397753 


40.55913306 


41.72058970 


42.87855284 


44.03320998 


45.18473289 


5 


40.78864004 


41.98788278 


43.18254757 


44.37289611 


45.55916665 


46.74157681 


47.92032600 


49.09559743 


6 


44.40300395 


45.62431208 


46.84075435 


48.05259808 


49.26008750 


50.46344645 


51.66288070 


52.85857983 


7 


47.93297704 


49.17342240 


50.40879603 


51.63936621 


52.86537891 


54.08706022 


55.30461857 


56.51824657 


8 


51.40136592 


52.65866144 


53.91073936 


55.15786592 


56.40028590 


57.63822500 


58.87189183 


60.10147963 


9 


54.82293308 


56.09523556 


57.36221966 


58.62414749 


59.88126077 


61.13378297 


62.38192112 


63.62586750 


10 


58.20780036 


59.49358979 


60.77399447 


62.04927114 


63.31965714 


64.58537241 


65.84662124 


67.10359375 


11 


61.56321210 


62.86121252 


64.15378858 


65.44119072 


66.72365106 


68.00138519 


69.27459380 


70.54346404 


12 


64.89452898 


66.20365410 


67.50733617 


68.80581881 


70.09932836 


71.38807549 


72.67225671 


73.95205564 


13 


68.20582532 


69.52513956 


70.83900854 


72.14766879 


73.45134051 


74.75022911 


76.04452654 


77.33441251 


14 


71.50026659 


72.82895627 


74.15221157 


75.47026176 


76.78332077 


78.09158850 


79.39525213 


80.69448717 


15 


74.78035780 


76.11770942 


77.44964789 


78.77639527 


80.09815911 


81.41513374 


82.72750140 


84.03543330 


16 


78.04811263 


79.39349598 


80.73349570 


82.06832667 


83.39819010 


84.72327469 


86.04375773 


87.35980602 


17 


81.30517182 


82.65802681 


84.00553424 


85.34790193 


86.68532484 


88.01798612 


89.34605807 


90.66970305 


18 


84.55288816 


85.91271419 


87.26723391 


88.61664829 


89.96114613 


91.30090509 


92.63609256 


93.9668665 


19 


87.79238862 


89.15873605 


90.51982252 


91.87584232 


93.22697825 


94.5734026 


95.9152779 


97.252758 


20 


91.02462083 


92.39708397 


93.76433469 


95.12656080 


96.4839394 


97.83664 


99.18481 




21 


94.2503882 


95.6285994 


97.0016496 


98.369720 


99.73298 








22 


97.470377 


98.85400 














s N. 


29 


30 


31 


32 


33 


34 


35 


36 


1 


31.50619868 


32.53422356 


33.56163572 


34.58846766 


35.61474922 


36.64050785 


37.66576885 


38.69055565 


2 


37.55307i.,43 


38.63609270 


39.71743238 


40.79717690 


41.87540324 


42.95218254 


44.02758073 


45.10165905 


3 


42.16260504 


43.28070570 


44.39652854 


45.51018228 


46.62176750 


47.73137747 


48.83909883 


49.94501228 


4 


46.33327932 


47.47899456 


48.62201276 


49.76245810 


50.90044573 


52.03608272 


53.16946879 


54.30069698 


5 


50.26755989 


51.43636931 


52.60217002 


53.76509596 


54.92527166 


56.08281316 


57.23782876 


58.39041974 


6 


54.05071903 


55.23946052 


56.42495487 


57.60734209 


58.78675269 


59.96330850 


61.13712347 


62.30830435 


7 


57.72812261 


58.93441230 


60.13726972 


61.33683844 


62.53325256 


63.72663752 


64.91711085 


66.10478288 


8 


61.32716786 


62.54912345 


63.76750203 


64.98244897 


66.19410026 


67.40258336 


68.60801790 


69.81051636 


9 


64.86580101 


66.10188848 


67.33428573 


68.56313857 


69.78858366 


71.01074932 


72.22975619 


73.44571783 


10 


68.35646723 


69.60540730 


70.85056897 


72.09209754 


73.33012943 


74.56479294 


75.79620886 


77.02449111 


11 


71.80817077 


73.06887767 


74.32573818 


75.57889638 


76.82848778 


78.07463998 


79.31747334 


80.55710149 


12 


75.22764416 


76.49918344 


77.76682482 


79.03071064 


80.29097497 


81.54774425 


82.80113789 


84.05126881 


13 


78.62005552 


79.90161382 


31.17923628 


82.45306311 


83.72322656 


84.98985154 


86.25305616 


87.51295225 


14 


81.98945851 


83.28032121 


84.56722136 


85.85029678 


87.12967762 


88.40548697 


89.67784138 


90.94685132 


15 


85.33909047 


86.63862466 


87.93417397 


89.22588862 


90.51388147 


91.79827859 


93.07919474 


94.356 73887 


16 


88.67157668 


89.97921796 


91.28286992 


92.58266499 


93.87872862 


95.17117970 


96.46013108 


9 7.7456900 


17 


91.98907425 


93.30431637 


94.61556629 


95.92295364 


97.2266013 


98.526626 


99.823138 




18 


95.2933761 


96.6157625 


97.9341594 


99.248694 










19 


98.585988 


99.915104 














N. n 
s \^^ 


37 


38 


39 


40 


41 


42 


43 


44 




39.71488993 


40.73879184 


41.76228012 


42.78537226 


43.80808458 


44.83043235 


45.85242988 


46.87409061 




46.17447445 


47.24608006 


48.31652548 


49.38585712 


50.45411848 


51.52135039 


52.58759122 


53.65287710 




51.04919307 


52.15171154 


53.25263353 


54.35202077 


55.44993122 


56.54641941 


57.64153668 


58.73533146 




55.42985428 


56.55702215 


57.68227699 


58.80569058 


59.92733042 


61.04726012 


62.16553970 


63.28222582 




59.54068094 


60.68870138 


61.83456466 


62.97834948 


64.12012999 


65.25997613 


66.39795402 


67.53412615 




63.47695133 


64.64315855 


65.80701462 


66.96860305 


68.12800265 


69.28528788 


70.44052920 


71.59379334 




67.28975730 


68.47213170 


69.65199810 


70.82944334 


72.00454949 


73.17739421 


74.34805104 


75.51658976 




71.01018463 


72.20712253 


73.40142430 


74.59317900 


75.78247092 


76.96937991 


78.15398172 


79.33634823 




74.65874137 


75.86892789 


77.07637299 


78.28116712 


79.48339598 


80.68314089 


81.88047903 


83.07548378 




78.24974724 


79.47207895 


80.69158247 


81.90834900 


83.12246507 


84.33401283 


85.54307039 


86.74971206 




81.79363188 


83.02716621 


84.25780087 


85.48562731 


86.71073237 


87.93319861 


89.15310461 


90.37052520 




85.29824389 


86.54216443 


87.78312656 


89.02122157 


90.25653526 


91.48915323 


92.71915116 


93.94660509 




88.76964580 


90.02323738 


91.27382253 


92.52149207 


93.76633247 


95.00842607 


96.24785140 


97.48468340 




92.21262163 


93.47525189 


94.734836 79 


95.99146646 


97.24522677 


98.49619961 


99.74446310 






95.63101442 


96.90211981 


98.17014868 


99-^3519030 












99.02 79584 
















s \^ 


45 


46 


47 


48 


49 


50 


51 




1 


47.89542716 


48.91645142 


49.93717458 


50.95760723 


51.97775935 


52.99764039 


54.01725930 




2 


54.71724208 


55.78071831 


56.84333616 


57.90512436 


58.96611015 


60.02631933 


61.08577641 




3 


59.82784946 


50.91913392 


62.00922575 


63.09816371 


64.18598460 


65.27272333 


66.35841310 




4 


64.39737208 


65.51102923 


66.62324535 


67.73406610 


68.84353482 


69.95169273 


71.05857906 




5 


68.66855175 


69.80128692 


70.93238495 


72.06189644 


73.18986951 


74.31634998 


75.44138148 




6 


72.74514357 


73.89463994 


75.04233952 


76.18829659 


77.33256282 


78.47518745 


79.61621745 




7 


76.68307658 


77.84757445 


79.01014324 


80.17083993 


81.32971886 


82.48683185 


83.64222836 




8 


80.51654782 


81.69464548 


82.87070314 


84.04477980 


85.21693177 


86.38721278 


87.55567420 




9 


84.26822496 


85.45876907 


86.64717947 


87.83351663 


89.01783829 


90.20019962 


91.38065337 




10 


87.95400864 


89.15602759 


90.35583329 


91.55348723 


92.74904815 


93.94257225 


95.13411332 




11 


91.58553174 


92.79819229 


94.00857188 


95.21673264 


96.42273401 


97.62663288 


98.82848375 




12 


95.17158660 


96.39416407 


97.61440284 


98.83236544 










13 


98.71899365 


99.9508506 
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3. Tabulation Scheme: Accuracy Eval- 
uation 

Table 1 presents the computed roots. All entries 
were tested for accuracy to the number of places shown 
by observing the effect of perturbing the last digit of 
each entry. The digit which resulted in the smallest 
absolute value of the function was then selected. 
Thus, the only possibility of error when 50 decimal 
places are carried, is an accumulated round-off error, a 
computer malfunction, or a print-out error. Accumu- 
lated round-off errors can occur at larger x. Typo- 
graphical errors have been minimized by several table 
checks. We note that the number of decimal places 
decreases for n small and s large. This is due to poor 
convergence of the successive iterations of the modi- 
fied Newton's method used. 

Where possible, the roots in our entire computation 
0=^/1^51, 0^X^100 were compared with those 
given in [7 and 8]. Fourteen of the larger roots of [7] 
do not agree with the corresponding results of our com- 
putation. The largest discrepancy occurs in the case 
of the seventh root of J!i{x) = which, in [7], is given as 
24.1469, whereas the value by our method rounded off 
to four decimal places, is 24.1449. Six roots of [8] do 
not agree with our values. The largest discrepancy 
occurs in the third root J2(x) = 0, which, in [8] is given 
as 9.965, whereas the value by our computation, 
rounded off to three decimal places, is 9.969. To test 
for the chance of error in machine output, the 14 cases 
with discrepancies in [7] and the 6 cases of [8] were 
separately re-run by summing the series of Jn(x) with 
the values of our computation rounded off to four 
places and three places respectively, and then sum- 
ming with the corresponding values of [7 and 8]. In 
every case the rounded-off values by the method of 
section 2 gave the better approximation to the root. 
These discrepancies are also discussed in [4 and 9]. 

Another check on the present computation was af- 
forded by the appHcation of the Lagrange interpolating 
polynomial used in conjunction with the Harvard 
Tables [6]. This method requires obtaining the La- 
grange interpolating polynomial for Jn(x) through k 
points in the vicinity of the root. For each of the k 
values of x we obtain the value oi Jn(x) from the for- 
mula 2Jn{x) = Jn-i{x) — Jn+\{x), where J„_iW and A+iW 
are obtained from [6]. The root of the interpolating 
polynomial was then found by a modification of New- 



ton's method. When this method was used with A: = 4 
in a limited number of cases, (^=1, 1 =^ s =^ 16, and 
71=15, 5=1), the roots so obtained coincided to six 
decimal places with those obtained by the computation 
of section 2. The Lagrange interpolation method was 
originally intended for the computation of table 1, but 
was abandoned because of the excessive labor required 
for data input to the computer from the Harvard 
Tables. 

Finally, the values for ^ n ^ 20 were compared at 
all common values with the Royal Society Tables [31. 
It was found that eight decimals agreed for all n and 
X < 78. For some n and jc > 78 a last decimal round- 
off discrepancy is observed. It is concluded that the 
tables for 21=^n^51 are correct as presented for x 
smaller than about 80, and may err at the last decimal 
place shown for other entries. 



The authors are grateful to Professor J. R. Britton of 
the University of Colorado for some of the references 
and to Messrs. J. E. Butler and P. H. Dorsey of the 
Martin Company for performing the numerical 
computation. 
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Selected Abstracts 

On the fourth order Hamiltonian of an asymmetric rotor mole- 
cule of orthorhombic symmetry, Wm. B. Olson and H. C. Allen, 
Jr., J. Research NBS 67A [Phys. & Chem.) No. 4, 357-362 {July- 
Aug. 1963). 

The fourth order Hamiltonian of an asymmetric rotor molecule of 
orthorhombic symmetry given recently has been considerably re- 
duced in complexity through the use of equations derived from the 
basic relationship among the angular momentum operators. The 
reduced Hamiltonian obtained provides a most convenient starting 
point for the calculation of rotational energy levels from a solution of 
the complete secular equation, for a perturbation theory solution to 
the problem of centrifugal distortion, and for the deduction of sum 
rules among the energy levels. 

Asymptotic behavior of the current on an infinite cylindrical 
antenna, K. S. Kunz, J. Research 67D {Radio Prop.) No. 4, 417 
Uulr-Aug. 1963). 

An asymptotic expression is obtained for the current distribution on 
the outside surface of an infinitely long, perfectly conducting, hollow 
cyhndrical antenna that is fed by an infinitesimally narrow circum- 
ferential gap. This asymptotic expression involves two series. 
The first series is expressed in reciprocal powers of log (2|2|/7r^A;a^), 
where \z\ is the distance from the gap, log F is Euler's constant, k is 
the propagation constant, and a is the radius of the antenna. The 
second series is a similar series multiphed by l(A;|z|). The first 
series is dominant and its first five terms yield values for the magni- 
tude and phase of the current that for even moderately thick anten- 
nas (circumferences as large as X./3) are accurate to within about one 
percent in as close as A./3 of the gap. This is shown by a comparison 
of the values of the current obtained from these terms with the 
numerically computed values of Duncan (1962). Asymptotic ex- 
pressions for the current found in the literature resemble the first 
term of this dominant series and are accurate only at relatively large 
distances from the gap — except for very thin antennas. 

A dipole approximation of the backscattering from a conduc- 
tor in a semi-infinite dissipative medium, M. B. Kraichman, 
/. Research NBS 67D (Radio Prop.) No. 4, 433 {July-Aag. 1963). 
The backscattering of a uniform plane wave by a conductor in a 
semi-infinite dissipative medium is discussed. The conductor is 
assumed to act as both an electric and a magnetic dipole with 
moments which are obtained from the electric magnetic polariza- 
bilities of the conductor, respectively. Using these induced 
moments, expressions are derived for the backscattered electric 
field at a point on the surface of the dissipative halfspace directly 
above the dipoles. Both harmonic and transient excitation are 
considered. 

A survey of some mathematical models in the theory of relia- 
bility, G. H. Weiss, Book, Statistical Theory of Reliability, Ed. M. 
Zelen, pp. 3-54 {Univ. of Wisconsin Press, Madison, Wis., 1963). 

I This paper contains a survey of models for systems which are sub- 
ject to various types of failures. Topics which are discussed are, 
topological aspects of rehability, time-dependent rehabihty, and the 

i analysis of maintenance and inspection pohcies. 

Hartree-Fock approximation of CH4 and NH4^, M. Krauss, J. 

i Chem. Phys. 38, No. 2, 564-565 {Jan. 15, 1963). 

Molecular energies, which approach the Hartree-Fock limit, have 
been computed for the CH4 and NH4^ molecules at their equihbrium 

I distances. These results verify the suitabihty of exponential quad- 

I ratic functions as basis functions in molecular calculations. 

! 

I Some stochastic processes in polymer systems, J. Mazur, J. 
Chem. Phys. 38, No. 1, 193-201 {Jan. 1, 1963). 

Certain distributional problems involving polymer configurations 
can be treated as special classes of stochastic processes known as 
regenerative processes. These processes have the property that 
the interval (of time or of length) between two consecutive events is 
a random variable. The method of regeneration point is applied to 



the problem of random crystaUization of polymers and to the prob- 
lem of force-length relationships in a one-dimensional simulation of 
a polymer network. By assuming that the events of randomly 
placing crystaUine units on a polymer chain are statisticaUy inde- 
pendent, and that the probability of the first event occurring in a 
given interval is a simple step function, the direct apphcation of 
the method of regeneration point leads to a well-known equation 
from the theory of molecular distribution in one-dimensional hard- 
core fluids. In the second problem it is assumed that a single 
polymer chain consists of mesh points connected by flexible chains. 
A restriction is imposed that these mesh points cannot pass through 
each other. The molecular distribution functions for these mesh 
points are derived with the help of the regeneration-point process. 
By applying this method, the relationships of the network extension 
to the fixed force are derived. It is also found that the affine trans- 
formation rule for the force-biased distribution of chain lengths 
holds strictly only if the array represents a Poisson distribution of 
mesh points. 

On the three-particle scattering operator in classical gases, 

J. Weinstock, Physics Letters 3, No. 6, 260-262 {Feb. 1, 1963). 
The three-particle scattering operator is the central quantity which 
must be calculated in order to determine the density dependence 
of transport coefficients in gases. A perturbation method is pre- 
sented, for such a calculation, which is based upon the "binary 
coUision expansion" of the "Greens function" form of the three- 
particle scattering operator. In addition, it is pointed out that the 
/i-particle scattering operators of non-equilibrium statistical mechan- 
ics are actually the asymptotic forms of more general time dependent 
n-particle operators, and that a complete description of non-equihb- 
rium phenomena may be obtained from a knowledge of the time 
dependence of these more general operators. 

Roger Joseph Boscovich and the combination of observations, 

C. Eisenhart, Actes Symp. Intern. R. J. Boskovic 1961, pp. 19—25 
{1962). 

An historical note on the contributions of Roger Joseph Boscovich 
(1711—1787) to the art and science of the Combination of Observa- 
tions. (The present note is an abridged version of the author's 
paper "Boscovich and the Combination of Observations" cleared 
by the Editorial Committee on Nov. 19, 1960, for pubhcation as a 
chapter in the memorial volume Roger Joseph Boscovich, F. R. S.: 
Studies of His Life and Work, edited by L. L. Whyte to be pubHshed 
in October 1961 by Allen and Unwin, Ltd., London. 

Interactions matrix element in a shell model, U. Fano, F. Prats, 
and Z. Goldsmith, Phys. Rev. 129, No. 9, 2643-2652 {Mar. 16, 1963). 
The matrix elements of two-particle interactions between states of 
many-particle configurations are expressed as products of one- 
particle reduced matrix elements and of a single recoupling coeffi- 
cient. AppHcations are given to the Coulomb interaction /"/' con- 
figurations and to all three-electron configurations. 

Indication limit, E. L. R. Corfiss, Proc. Fourth Intern. Congr. 
Acoustics, Pt. /, Paper N22 {Copenhagen, Denmark, Aug. 21-28, 
1962). 

From basic considerations, a volume in signal space has been de- 
rived, appficable to any analyzer. It is a product of resolution limits 
in energy, frequency, and time, and depends functionally only upon 
the signal-to- noise ratio. The derivation demonstrates the rise of 
statistical features as S/N^^O. 

Other NBS Publications 

J. Research NBS 67A (Phys. and Chem.), No. 4 (July-Aug. 
1963) 70 cents. 

Symmetry sphtting of equivalent sites in oxide crystals and related 
mechanical effects. J. B. Wachtman, Jr., H. S. Peiser, and E. P. 
Levine. 

Relaxation modes for trapped crystal point defects. A. D. Frankhn. 
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A note on the galvanomagnetic and thermoelectric coefficients of 

tetragonal crystalline materials. W. C. Hernandez, Jr., and A. H. 

Kahn. 
Photolytic behavior of silver iodide. G. Burley. 
Correlation of muscovite sheet mica on the basis of color, apparent 

optic angle, and absorption spectrum. S. Ruthberg, M. W. 

Barnes, and R. H. Noyce. 
Thermodynamic properties of magnesium oxide and beryUium oxide 

from 298 to 1,200 °K. A. C. Victor and T. B. Douglas. 
Heat exchange in adiabatic calorimeters. E. D. West. 
Preparation of anhydrous single crystals of rare-earth halides. 

N. H. Kiess. 
A phase study of the system: oxalic acid/acetic acid/water; its signifi- 
cance in oxalic acid crystal growth. J. Strassburger and J. L. 

Torgesen. 
Wavelength calibrations in the far infrared (30 to 1000 microns). 

K. Narahari Rao, R. V. de Vore, and E. K. Plyler. 
On the fourth order Hamiltonian of an asymmetric rotor molecule of 

orthorhombic symmetry. Wm. B. Olson and H. C. Allen, Jr. 

(See above abstract.) 
Measurement of the thickness and refractive index of very thin 

films and the optical properties of surfaces by ellipsometry. 

F. L. McCrackin, E. Passaglia, R. R. Stromberg, and H. L. 

Steinberg. 
Color phenomena associated with energy transfer in afterglows and 

atomic flames, A. M. Bass and H. P. Broida. 

J. Research NBS 67C (Eng. and Instr.), No. 3 (July-Sept. 
1963) 75 cents. 

Apparatus for the detection of piezoelectric coupling. L. Frenkel. 
Large aperture interferometers with small beam dividers. J. B. 

Saunders. 
A far-infrared vacuum grating spectrometer. L. R. Blaine. 
Relation of emittance to other optical properties. J. C. Richmond. 
Minimization of the arrestment error in one-pan two-knife balance 

systems. H. A. Bowman and H. E. Aimer. 
Determination of residual thiosulfate in processed film. C. 1. Pope. 
Drag compensation and measurement with manned satellites: 

feasibility study. R. M. Langer and J. P. Vinti. 
Surface flame propagation on cellulosic materials exposed to thermal 

radiation. D. Gross and J. J. Loftus. 
Parallel reversible permeability measurement techniques from 50 

kc/s to 3 Gc/s. C. A. Hoer and R. D. Harrington. 

J. Research NBS 67D (Radio Prop.), No. 4 (July-Aug. 1963) 
70 cents. 

Influence of the lower ionosphere on propagation of VLF waves to 

great distances. J. R. Wait. 
Comments on a paper "Auroral Sporadic-E Ionization" by R. D. 

Hunsucker and L. Owren. J. M. BuUen and G. A. M. King. 
Reply to J. M. Bullen and G. A. M. King's "Comments on a paper 

'Auroral Sporadic-^ Ionization' by R. D. Hunsucker and L. 

Owren." R. D. Hunsucker and L. Owren. 
Optimum reception pattern of the Beverage wave antenna at very 

low frequencies. E. W. Seeley. 
Eff'ect of a dissipative medium of finite size on antenna measurement. 

K. lizuka and R. W. P. King. 
Some implications of aircraft interference patterns in troposcatter 

reception. J. A. Bradshaw. 
Asymptotic behavior of the current on an infinite cylindrical antenna. 

K. S. Kunz. (See above abstract.) 
A dipole approximation of the backscattering from a conductor in 

a semi-infinite dissipative medium. M. B. Kraichman. (See 

above abstract.) 
Small electric and magnetic antennas with cores of a lossy dielec- 
tric. J. Galejs. 



Mechanical behavior of crystalline solids (Proceedings of an Ameri- 
can Ceramic Society Symposium, New York City, April 1962), 
NBS Mono. 59 (Mar. 25, 1963), $1.75. 

Influence of a sector ground screen on the field of a vertical antenna, 
J. R. Wait and L. C. Walters, NBS Mono. 60 (Apr. 15, 1963), 25 
cents. 

Testing of metal volumetric standards, J. C. Hughes and B. C. 
Keysar, NBS Mono. 62 (Apr. I, 1963), 15 cents. 



Quarterly radio noise data, June, July, August 1962, W. Q. Crichlow, 
R. T. Disney, and M. A. Jenkins, NBS Tech. Note 18-15 (Mar. 1, 
1963), 45 cents. 
The error rates in multiple FSK systems and the signal-to-noise char- 
acteristics of FM and PCM-FS systems, H. Akima, NBS Tech. 
Note 167 (Mar. 25, 1963), 40 cents. 
Transistorized building blocks for data instrumentation, R. L. Hill, 

NBS Tech. Note 168 (Apr. 1, 1963), 55 cents. 
Profiles of electron density over the magnetic equator obtained 
using the incoherent scatter technique, K. L. Bowles et al., NBS 
Tech. Note 169 (Mar. 16, 1963), 25 cents. 
BibHography on atmospheric aspects of radio astronomy, including 
selected references to related fields, W. Nupen, NBS Tech. Note 
171 (May I, 1963), $2.00. 
Practical methods for calibration of potentiometers, D. Ramaley, 

NBS Tech. Note 172 (Mar. 25, 1963), 30 cents. 
Tables to facilitate the determination of the ferrimagnetic resonance 
linewidth of non-metaUic magnetic materials, C. C. Preston and 
W. E. Case, NBS Tech. Note 173 (Apr. 15, 1963), 25 cents. 
Lectures on ion-atom collisions, M. R. C. McDowell, NBS Tech. 

Note 185 (Mar. 15, 1963), 40 cents. 
Transmission and reflection of electrons by aluminum foils, M. J. 

Berger, NBS Tech. Note 187 (Apr. 1, 1963), 15 cents. 
Calibration of volt-ampere converters, E. S. Williams, NBS Tech. 
Note 188, (Apr. 25, 1963), 20 cents. 

The giant resonance of the nuclear photoeff"ect, E. G. Fuller and E. 
Hayward, Book, Nuclear Reactions II, 113-194 (North-Holland 
Publ. Co., Amsterdam, The Netherlands, 1962). 

Microwave studies of butadiene derivatives. I. Spectrum of fluoro- 
prene, D. R. Lide, Jr., J. Chem. Phys. 37, No. 9, 2074-2079 (Nov. 
1962). 

Comparison of the rubidium-87 and proton Zeeman transition fre- 
quencies in the earth's magnetic field, P. L. Bender, Phys. Rev. 
128, No. 5, 2218-2221 (Dec. 1962). 

Precision millimeter wave interferometry at the U.S. National Bureau 
of Standards, W. Culshaw, J. M. Richardson, and D. M. Kearns, 
Interferometry Symp., June 9-11, 1959, paper 4^3, p. 331 (National 
Physical Laboratory, Teddington, Middlesex, England, 1960). 

Mechanical properties of materials, R. H. Kropschot, Book, Applied 
Cryogenic Engineering, Ed. R. W. Vance and W. M. Duke, 44^59 
(John Wiley & Sons, Inc., New York, N.Y., 1962). 

A sing-around velocimeter for measuring the speed of sound in the 
sea, M. Greenspan and C. E. Tschiegg, Book, Underwater Acous- 
tics, Lecture 5, pp. 87-101, (Plenum Press, Inc., New York, N.Y., 
1962). 

Relative signs of proton spin-spin coupling constants, E. Lustig, 
J. Chem. Phys. 37, No. 11, 2725-2726 (Dec. 1962). 

Quantitative metallographic evaluations of graphitic microstructures, 
L. L. Wyman and G. A. Moore, Mod. Castings 43, No. 1, 7— 16 (Jan. 
1963). 

Critical opalescence of polystyrene solutions, D. Mclntyre, A. Wims, 
and M. S. Green, J. Chem. Phys. 37, No. 12, 3019-3020 (Dec. 1962). 

Thermophysical properties of zirconium hydrides, R. L. Beck and 
T. B. Douglas, Trans. Am. Soc. Metals 55, 1075-1076 (1962). 

A possible eff^ect of lower atmospheric divergence on the local elec- 
tron density in the ionosphere, N. J. Macdonald and R. W. Knecht, 
Inst. Solar Terrestrial Res. Tech. Report 8 (High Altitude Observa- 
tory, University of Colorado, Boulder, Colo., 1960). 

On the realistic measurement of precision and accuracy, C. Eisen- 
hart, ISA Proc. Eighth Natl. Aero-Space Instrumentation Symp., 
Washington, D.C., pp. 75-83 (May 1962). 

Refraction and dispersion of synthetic sapphire, I. H. Maltison, J. 
Opt. Soc. Am. 52, No. 12, 1377-1379 (Dec. 1962). 

Interpolation of platinum resistance thermometers, 10° to 273.15° K, 
R. J. Corruccini, Book, Temperature, Its Measurement and Control 
in Science and Industry 3, Pt. 1, 329-338 (Reinhold Publ. Corp., 
New York, N.Y., 1962). 

Polysulfide sealants: Part I. Formulation and application proper- 
ties, D. A. George, L. Dunlap, and P. Stone, Adhesives Age 6, 
No. 2, 32-36 (Feb. 1%3) 

Nuclear magnetic resonance of Ni^* in dilute alloys of nickel in 
cobalt, R. L. Streever, L. H. Bennett, R. C. LaForce, and G. F. 
Day, Phys. Rev. 128, No. 4, 1632-1633 (Nov. 1962). 

The bound-free absorption coefficient of the hydrogen negative ion, 
S. Geltman, Astrophys^J. 136, No. 3, 935-945 (Nov. 1962). 

Studies of errors in economic statistics, D. Rosenblatt, 1962 Proc. 
Business and Economic Statistics Section, Am. Stat. Assoc, 
p. 217 (1962). 
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The specific heat of saturated liquid parahydro^en from 15 to 32° K, 
B. A. Younglove an(J I). E. Diller, Cryogenics 2, No. 5, 1-5 (Sept. 
1962). 
Low temperature insultation, K. H. Kropschol, liook. Applied Cryo- 
genic Engineering, Ed. R. W. Vance and W. M. Duke, P. 152-169 
(John Wiley & Sons, Inc., New York, N.Y., 1962). 

Communications in electronics, J. Stern, Signal 16, No. 10, 78-79 

(June 1962). 
Theory of the deep penetration of electrons and charged particles, 
L. V. Spencer and J. Coyne, Phys. Rev. 128, No. 5, 2230-2237 
(Dec. 1962). 

Quantities and units for dosimetry in diagnostic radiology, H. O. 
Wyckoff (Symp. under the auspices of the Division of Radio- 
logical Health, U.S. Public Health Service, Wash., D.C., March 
5-6, 1962), Book, Technological Needs for Reduction of Patient 
Dosage from Diagnostic Radiology, Ed. M. L. Janower, pp. 5-9 
(Charles C. Thomas, Publ., Springfield, lU., 1963). 

Precision of methods for measuring tensile strength, stretch, and 
tensile energy absorption of paper, T. W. Lashof, Tappi 46, 
No. 1, 52-59 (Jan. 1963). 

Dimensional changes in dentures, G. C. Paffenbarger, J. B. Woelfel, 
and W. T. Sweeney, Dental Practitioner 13, No. 2, 64-69 (Oct. 
1962). 
Current trends and prospects in cryogenics, R. W. Stewart, R. V. 
Smith and T. R. Strobridge, Cryogenics 2 No. 6, 321-324 (Dec. 
1962). 

Tunneling between a normal metal and a superconductor, J. Harden 
and R. S. Collier, Cryogenics 2, No. 6, 369-370 (Dec. 1962). 

Comments on the Rosen interaction potential of two hehum atoms, 
B. M. Axilrod, J. Chem. Phys. 38, No. 1, 275-277 (Jan. 1963). 

Effective impedance of a wire grid parallel to the earth's surface, 
J. R. Wait, IRE Trans. Ant. Prop. AP-10, No. 5, 538-542 (Sept. 
1962). 

Dislocations and chemical etch pits in copper, A. W. Ruff, Jr., J. 
Appl. Phys. 33, No. 12, 3392-3400 (Dec. 1962). 

The intensity and spectral distribution of scattered radiation from 
Co^" sources, B. Petree and J. C. Humphreys, Radiology 80, No. 1, 
120 (Jan. 1963). 

Performance characteristics of turbine flowmeters, M. R. Shafer, 
J. Basic Eng. 84, Series D, No. 4, 471^85 (Dec. 1962). 

Experimental gf-values for seventy elements, C. H. Corliss, Astro- 
phys. J. 136, No. 3, 916-^34 (Nov. 1962). 

Scientific information activities at the National Bureau of Standards, 
W. R. Tilley, (53rd Special Libraries Assoc. Conv., Metals Divi- 
sion, May 29, 1962, Washington, D.C.) Spec. Lib. p. 29-34 (Jan. 
1963). 

Properties of a silica-reinforced polymer for dental restorations, 
R. L. Bowen, J. Am. Dental Assoc. 66, No. 1, 57-64 (Jan. 1963). 

Mechanical basis of diffusion, C. Truesdell, J. Chem. Phys. 37, No. 
10, 2336-2344 (Nov. 1962). 

Current status of the statistical theory of mass spectra, H. M, Rosen- 
stock and M. Krauss, Book, Advances in Mass Spectrometry 2, 
251-284 (Pergamon Press, London, England, 1962). 

Available heat sinks for protected underground installations, B. A. 
Peavy, Proc. Natl. Acad. Sci.-Natl. Res. Council Meeting on 
Environmental Engineering in Protective Shelters, pp. 237—248 
(Feb. 1960). 

The sudden ionospheric disturbance, C. S. Warwick, Book, Radio 
Astronomical and Satellite Studies of the Atmosphere, pp. 457-475 
(North-Holland Publ. Co., Amsterdam, The Netherlands, 1963). 

ReaHstic estimates of error, W. J. Youden, J. Instr. Soc. Am. 8, No. 
10, 57-58 (Oct. 1962). 

Thermal reactions of isobutyl radicals, W. M. Jackson, J. R. Mc- 
Nesby and B. deB. Darwent, J. Chem. Phys. 37, No. 10, 2256- 
2260 (Nov. 1962). 

Lasers, T. R. Lawrence, J. Wash. Acad. Sci. 53, 25-34 (Feb. 1963). 

Heats of formation of two isomers of difluorodiazine, G. T. Arm- 
strong and S. Marantz, J. Chem. Phys. 38, No. 1, 169-172 (Jan. 
1963^. 

Intramolecular rearrangements. V. Formation of ethylene in the 
photolysis of ethyl acetate from 4 to 500°K, P. Aush)os and R. E. 
Rebbert, J. Phys. Chem. 67, No. 1, 163-167 (Jan. 1963). 

Gas evolution from metal surfaces during fatigue stressing, W. L. 
Holshouser and J. A. Bennett, Am. Soc. Testing Mater. Preprint 
62 (June 1962). 

The evolution of a conference, J. M. Richardson (Intern. Conf. Pre- 
cision Electromagnetic Measurements, Boulder, Colo., 1962), 
Trans. IRE Instr. I-II, 82 (Dec. 1962). 



Infrared absorption spectra of B2O3, B2O2, and BO2 in solid argon 
matrices, A. Sommer, D. White, M. J. Linevsky, and D. E. Mann, 
J. Chem. Phys. 38, No. 1, 87-98 (Jan. 1963). 
The collaborative test, W. J. Youden, J. Assoc. Offic. Agric. Chem. 

46, 55-62 (P>b. 1963). 
Conductive floors, F. L. Hermach, Intern. Assoc. Elec. Inspectors 

News Bull., pp. 40-44 (July 1962). 
Ionic interactions with sugar colorant during char filtration, F. G. 
Carpenter, D. Larry, and V. R. Diefz, Proc. 7th Tech. Session on 
Bone Char 1961, p. 259 (Bone ('liar Research Project Inc., 
Charlestown, Mass. 1962). 
Note on the Kubelka method of measuring water absorption of 
leather, R. L. Hebert and A. E. McDonell, J. Am. Leather (Chem- 
ists' Assoc. LVII, No. 9, 461-469 (Sept. 1962). 
Intercomparisons of laboratory test results, J. Mandel, Proc. Instr. 

Soc. Am. Paper 44-3, 5 pages (1962). 
Heat transfer between a cryo-surface and a controlled atmosphere. 
Part I. Experimental investigation, R. J. Richards, K. Edmonds, 
and R. B. Jacobs, Intern. Inst. Refrigeration, Suppl. Bull. Inst. 
Intern. Froid, pp. 1-22 (1962). 
Coatings formed on steel by cathodic protection and their evaluation 
by polarization measurements, W. J. Schwerdtfeger and R. J. 
Manuele, Corrosion 19, No. 2, 59t-68t (Feb. 1963). 
Microscopy of color phenomena in polymer fracture, S. B. Newman 
and I. Wolock, Proc. Symp. Adhesion and Cohesion, pp. 218-239 
(Elsevier Publ. Co., Amsterdam, The Netherlands, 1963). 
Sum rules for vibrational-rotational energy levels including centrifu- 
gal distortion, H. C. Allen, Jr., and W. B. Olson, J. (Tiem. Phys. 
37, No. 2, 212-214 (July 15, 1962). 
Studies of within-the-horizon propagation at 9300 Mc, A. P. Barsis, 
A. F. Barghausen, and R. S. Kirby, IEEE Trans. Ant. Prop. AP- 
11, 24-38 (Jan. 1963). 
Dosimetry. Chemical and film media, M. Ehrlich, Book, Tech- 
nology Needs for Reduction of Patient Dosage from Diagnostic 
Radiology, Ed. M. L. Janower, pp. 81-100 (C. Thomas Publ. Co., 
Springfield, 111., 1962). 
Variance of radio frequency caused by atmospheric turbulence in 
hne-of-sight transmissions, K. A. Norton, E. C. Barrows, M. C. 
Thompson, Jr., and H, B. Janes (Intern. Conf. PretMsion Electro- 
magnetic Measurements, Boulder, Colo., 1962), IRE Trans. 
Instr. I-II, 153 (Dec. 1962). 
Instrument for the continuous measurement of the density of flowing 
cryogenic fluids, C. E. Miller, R. B. Jacobs, and J. Macinko, Rev. 
Sci. Instr. 34, 24-27 (Jan. 1963). 
Some problems in temperature measurements from line spectra, J. T. 
Jefferies, Book, Temperatures Its Measurement and Control in 
Science and Industry 3, Pt. 1, 703-711 (Reinhold Publ. Corp., 
New York, N.Y., 1962). 
Direct observation of charge storage in the surface states ol silicon, 
(;. (;. Harman, R. L. Raybold, and O. I. Meyer, J. Appl. Phys, 34, 
No. 2, 380-382 (Feb. 1963). 
Confidence limits for the reliability of complex systems, J. R. Rosen- 
blatt, Book, Statistical Theory of Reliability, Ed. M. Zelen, pp. 
115-148 (Univ. of Wisconsin Press, Madison, Wis., 1963). 
Third international conference on precision electromagnetic meas- 
urements, W. D. George, Nature 139, No. 4858, 921-929 (Dec. 8, 
1962). 
Improved zinc oxide-eugenol type cements, G. M. Brauer. L. Simon, 
and L. Sangermano, J. Dental Res. 41, No. 5, 1096-1102 (1962). 
Some early resuhs from the ionospheric topside sounder satellite, 
R. W. Knecht and T. E. VanZandt, Nature 197, 641-644 (Feb. 16, 
1963). 
Decibels return loss to magnitude of voltage reflection coefficient, 
R. W. Beatty, Microwave Eng. Handb. and Buyer's Guide, pp. 
TD188-TD192 (1961-62). 
Dielectric constant of Cr20:{ crystals, P. H. Fang and W. S. Brower, 

Phys. Rev. 129, No. 4, 1561 (1963). 
Curves for ground wave propagation over mixed land and sea paths, 
J. R. Wait and L. C. Walters, IEEE Trans. Ant. Prop. AP-11, 
38-45 (Jan. 1963). 
Alteration of the muscovite absorption spectrum by KBr pellet prep- 
aration, S. Ruthberg, M. W. Barnes, and R. H. Noyce, Appl. Opt. 
2, No. 2, 177 (Feb. 1963). 
Method for finding the density expansion of transport coefficients of 
gases, R. Zwanzig, Phys. Rev. 129, No. 1, 486-494 (Jan. 1, 1963). 
y-irradiation of small molecules at 4 and 77° K, R. E. Florin, D. W. 
Brown, and L. A. Wall, J. Phys. Chem. 66, 2672-2676 (Dec. 1962). 
Thickness determination, V. A. Lamb, Electroplaters Process Con- 
trol Handb. Ed. D. G. Foulke and F. E. Crane, Jr., Chapt. 12, 
p. 327-346 (Reinhold Publ. Corp., New York, N.Y., 1963). 
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Measuring plasma density of the magnetosphere, K. L. Bowles, 

Science 139, No. 3553, 389-391 (Feb. 1, 1963). 
Measurement of RF peak pulse power by a sampling-comparison 

method, P. A. Hudson, W. L. Hudson, W. L. Ecklund, and A. R. 

Ondrejka (Intern, Conf. Precision Electromagnetic Measurements, 

Boulder, Colo., 1962), IRE Trans. Instr. I-II, 280 (Dec. 1962). 
Radiation of sound by ocean waves, R. K. Cook, Proc. 4th Intern. 

Congress Acoustics, Preprint 043 (Organization Committee, 

Copenhagen, Denmark, 1962). 
Radiation effects on man, L. S. Taylor, Nucleonics 21, No. 3, 58-60 

(Mar. 1963). 
Identification of Ga II hues in stellar spectra, W. P. Bidelman and 

C. H. Corhss, Astrophys. J. 135, No. 3, 968-969 (1962). 

Current trends and prospects, R. B. Stewart, R. V. Smith, and T. R. 

Strobridge, Cryogenics 2, No. 6, 321-324 (Dec. 1962). 
Calorimetric determination of half-cell entropy changes, J. M. 

Sherfey, J. Electrochem. Soc. 110, No. 3, 213-221 (Mar. 1963). 
Hyperfine structure in the spectrum of mercury hydride, T. L. Porter 

and S. P. Davis, J. Opt. Soc. Am. 53, No. 3, 338 (Mar. 1963). 
Measurement and standardization of dielectric samples, H. E. 

Bussey and J. E. Gray (Intern. Conf. Precision Electromagnetic 

Measurements, Boulder, Colo., 1962), IRE Trans. Instr. I-II, 162 

(Dec. 1962). 
Primary processes in the photochemical decomposition of nitro- 

alkanes, R. E. Rebbert and N. Slagg, Bull. Soc. Chim. Beiges 71, 

709-721 (1962). 
Polysulfide sealants, Pt. II. Service properties, D. A. George, F. 

Roth, and P. Stone, Adhesives Age 6, 35ff (Mar. 1963). 
Plating specifications, F. Ogburn, Electroplaters Process Control 

Handb. Ed. D. G. Foulke and F. E. Crane, Jr., Chapt. 17, pp. 406- 

407 (Reinhold Publ. Corp., New York, N.Y., 1963). 
Complex formation between manganese (II), nickel (II), and zinc (II) 

ions and some symmetrically substituted ethylenediamines: The 

use of Er and dH values in assessing inductive and steric effects, 

D. L. Leussing, Inorganic Chem. 2, No. 77, 77-82 (1963). 
Spectrum analysis of extremely low frequency variations of quartz 

oscillators, W. R. Atkinson, L. Fey, and J. Newman, Proc. IRE 
51, 379 (Feb. 1963). 

A note on E-field and //-field losses for ground-based antennas, J. R. 
Wait, Proc. IEEE 51, 366 (Feb. 1963). 

Improved sample holder for X-ray diffractometer furnace, E. M. 
Levin and F. A. Mauer, J. Am. Ceram. Soc. 46, No. 1, 59-60 
(Jan. 1963). 

Fluorescence of teeth, A. F. Forziatic and M. P. Kumpula, Frontiers 
of Dental Sci. pp. 106—112 (Natl. Sci. Teachers Assoc, Washing- 
ton, D.C., Dec. 1962). 

A note on diurnal phase changes of very-low-frequency waves for 
long paths, J. R. Wait, J. Geophys. Res. 68, No. 1, 338-340 
(Jan. 1, 1963). 

Helium, V. Arp and R. H. Kropschot, Book, Applied Cryogenic 
Engineering, Ed. R. W. Vance, Chapt. 12, 321-343 (John Wiley & 
Sons, Inc., New York, N.Y., 1962). 

Pitfalls in determinations of the compressive strength of concrete, 
J. R. Dise, Mod. Concrete 26, No. 3, 48-51 (July 1962)/. 

Determination of lead in leaded steels by X-ray spectroscopy, B. A. 
Kilday and R. E. Michaehs, Appl. Spectry. 16, No. 4, 136-138 
(1962). 

Infrasonics, R. K. Cook, McGraw-Hill Yearbook of Science & 
Technology, pp. 275-276 (1962). ^ / 

The aurora and trapped electrons, F. E. Roach, J. Geophys. Res. 
68, 1015-1021 (Feb. 15, 1963). / / 

Formation and decay of atoms and small free radicals at low tempera- 
tures, D. W. Brown, R. E. Florin, and L. A. Wall, J. Phys. Chem. 
66, 2602-2612 (Dec. 1962). 

Behavior of revivified char in storage, J. Redd and F. G. Carpenter, 
Proc. 7th Tech. Session on Bone Char 1961, p. 223 (Bone Char 
Research Project, Inc., Charlestown, Mass., 1962). 

A method for determining the height and geographical position of 
an auroral arc from one observing station, M. H. Rees, J. Geo- 
phys. Res. 68, No. 1, 175-183 (Jan. 1, 1963). 

Gas-phase radiolysis of isobutane, R. P. Borkowski and P. J. Ausloos, 
J. Chem. Phys. 38, No. 1, 36-44 (Jan. 1, 1963). 

A high-latitude investigation of the natural very-low-frequency 
electromagnetic radiation known as chorus, J. H. Pope, J. Geo- 
phys. Res. 68, No. 1, 83-99 (Jan. 1, 1963). 

Comparative measurements on polystyrene with three different 
equilibrium ultracentrifuges, D. Mclntyre, L. C. Williams, P. E. 
Haxner, H. G. Kim, F. N. Weber, R. F. Bunting, and D. W. Kurke, 
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